ABSTRACT
Results: When using the GlideScope, the firstpass success was lower in the SOILED group (249/306; 81.4%) than the in CLEAN group (586/644, 91.0%; difference = 9.6%; 95% confidence interval [CI] = 4.7%-14.5%). Similarly, when using the direct laryngoscope, the firstpass success was lower in the SOILED group (186/284, 65.5%) than in the CLEAN group (569/751, 75.8%; difference = 10.3%; 95% CI = 4.0%-16.6%). The SOILED airway was associated with a decreased firstpass success in both the GlideScope cohort (adjusted odds ratio [aOR] = 0.4; 95% CI = 0.3-0.7) and the direct laryngoscope cohort (aOR = 0.6; 95% CI = 0.5-0.8).
Conclusion: Soiling of the airway was associated with a reduced firstpass success during emergency intubation, and this reduction occurred to a similar degree whether using either the GlideScope or the direct laryngoscope.
A irway management in the emergency department (ED) frequently requires intubation of the trachea, and typically this is accomplished using a rapid sequence intubation technique. [1] [2] [3] [4] [5] [6] [7] [8] [9] Unfortunately, critically ill patients requiring emergency intubation often have an airway soiled with blood or vomitus, which can potentially make intubation more difficult by obscuring the relevant anatomy during laryngoscopy. 10- 14 Surprisingly, there is a paucity of data on how soiling of the airway impacts intubation success in the clinical environment. Although emergency intubation has typically been performed with a direct laryngoscope, evidence suggests that video laryngoscopes are being used with increasing frequency in the ED. 2, 9 The GlideScope (Verathon Inc, Bothell, WA) is one of the more commonly used video laryngoscopes in the ED. 2 Due to the presence of a micro video camera on the undersurface of its blade the GlideScope might be expected to be easily contaminated and thus perform less effectively than the direct laryngoscope in the presence of a soiled airway. In this investigation we sought to determine the impact of a soiled airway on the firstpass success of emergency intubation and, in particular, to compare the intubation success of the GlideScope and the direct laryngoscope under these circumstances.
METHODS Study Design and Setting
This is a single-center prospective observational study of ED intubations performed over the 9-year period from This study was conducted at a 61-bed tertiary care academic ED and Level I trauma center with an annual census that varied between 50,000 and 70,000 patients during the study period. This institution has residents from a university-based 3-year emergency medicine training program, a community-based 3-year emergency medicine training program, and a 5-year university emergency medicine/pediatric training program that are accredited by the Accreditation Council for Graduate Medical Education. Intubations in this ED are performed primarily by emergency medicine residents, under direct supervision of emergency medicine faculty. The university-based residents participate in a comprehensive airway curriculum that includes ongoing didactics, frequent simulation experience in a laboratory with high-fidelity simulators, and a 1-month clinical anesthesia rotation in the operating room. The communitybased emergency medicine residents receive the same training, except that they do not participate in the anesthesia rotation. Residents are taught how to use multiple devices for intubation including direct and indirect laryngoscopes. When confronted with a soiled airway, residents are instructed to aggressively suction the airway with a Yankauer suction catheter before initiating laryngoscopy. If using a video laryngoscope, they are instructed to keep the blade pressed firmly along the base of the tongue to avoid contamination from material pooled in the posterior oropharynx. This study included only adult patients 18 years of age and older that underwent rapid sequence intubation in the ED by an emergency medicine resident using the reusable GlideScope or the direct laryngoscope. Both the direct laryngoscope and the GlideScope were both continuously available during the entire 9-year study period.
Methods and Measurements
After each intubation, the operator completed an airway data collection form that captured patient, operator, and intubation characteristics. This included patient demographics, operator postgraduate year, indication for intubation, method of intubation, neuromuscular blocking agent, induction agent, device(s) used, reason for device selection, presence of specific difficult airway characteristics, number of attempts at intubation, and outcome of each intubation attempt. An intubation attempt was defined as the insertion of the laryngoscope blade into the mouth of the patient, regardless of whether an attempt was made to insert a tracheal tube. Firstpass success was defined as successful tracheal intubation on a single laryngoscope insertion. Difficult airway characteristics documented on the data form include blood or vomitus in the airway, presence of a cervical collar or cervical immobility, airway edema, facial or neck trauma, small mandible, short neck, large tongue, restricted mouth opening, and obesity. When using the GlideScope, operators assessed the degree of lens contamination using the following scale: none (no contamination), mild (airway easily visible), moderate (airway partially visible), or severe (airway not visible). The senior investigator (JCS) reviewed all data forms and any incomplete forms were returned to the operator for completion. There were no missing data forms based on crossreferencing with the electronic medical record and the hospital admission log. The data from the paper forms were entered into Excel for Windows 2013 (Microsoft) and then transferred and coded into STATA 13 (StataCorp) for statistical analysis.
Outcome Measures
The primary outcome measure was firstpass success. The secondary outcomes were ultimate success with the initial device used and, when using the GlideScope, the degree of lens contamination.
Primary Data Analysis
Patients were stratified into two cohorts based on device used: GlideScope or direct laryngoscope. In each cohort, patients were categorized as no blood or vomitus in their airway (CLEAN) or a blood or vomitus contaminated airway (SOILED). The CLEAN and SOILED groups within each device cohort were compared descriptively. Categorical variables were reported as percentages and continuous variables were reported as means with standard deviation (SD). There was only one continuous variable in the study, which was age. Multivariate analyses were conducted within each stratum to determine the association between presence of a soiled airway and firstpass success. The following variables were considered to be potential confounders and were added to each model based on previous literature and clinical experience of the investigators: age, sex, trauma status, indication for intubation, reason for device selection, neuromuscular blocking agent used, induction agent used, and operator postgraduate year. The number of difficult airway characteristics was not added to the models because of collinearity between this variable and soiled airway status (e.g., all patients with a soiled airway have at least one difficult airway characteristic). The intent was not to create a parsimonious model; thus, all variables were added to each model. The models were checked for interactions and the goodness of fit of the models were assessed using the Hosmer-Lemeshow test. We tested for an interaction between presence of a soiled airway and device type in a combined sample of both strata. This was done to formally evaluate if the relative effect of the device changed based on the presence of blood or vomit. However, our intent was to present the data as two cohorts even if there was no interaction. Influential observations were identified by calculating Pregibon's Delta-Beta influence statistic. There was only one variable that was continuous (i.e., age). The assumption of linearity in the logit was checked for this variable. A two-sided alpha of <0.05 was considered to be statistically significant for all analyses. We used the rule of 10 events per variable to determine the adequacy of our sample. 16 Since we had 10 variables we would have required at least 100 events in each of the models. Assuming a firstpass success of 80% we estimated that 500 patients would be required in each cohort.
RESULTS

Characteristics of Study Subjects
A total of 4,626 intubations were performed in the ED over the 9-year study period and 2,641 met exclusion criteria (Figure 1) . This left 1,985 patients in the study, of whom 590 (29.7%) had a soiled airway. Of the patients with a soiled airway, 359 (60.8%) had blood only, 178 (30.2%) had vomitus only, and 53 (9.0%) had both blood and vomitus. After stratifying by device, 950 patients (47.9%) were in the GlideScope cohort and 1,035 patients (52.1%) were in the direct laryngoscope cohort. In the GlideScope cohort 306 patients (32.2%) had a soiled airway and in the direct laryngoscope cohort 284 patients (27.4%) had a soiled airway (Figure 1 ). The baseline characteristics of the GlideScope and direct laryngoscope cohorts are summarized in Table 1 .
Main Results
When using the GlideScope the firstpass success was lower in the SOILED group (249/306, 81.4%) than the CLEAN group (586/644, 91.0%; difference = 9.6%; 95% CI = 4.7%-14.5%). Similarly, when using the direct laryngoscope, the firstpass success was lower in the SOILED group (186/284, 65.5%) than the CLEAN group (569/751, 75.8%; difference = 10.3%; 95% CI = 4.0%-16.6%).
Breakdown of SOILED Group
In the SOILED group, 350 patients (59.3%) were intubated for traumatic conditions and 240 (40.7%) patients were intubated for medical conditions. In patients with traumatic conditions and a soiled airway, the firstpass success was 171/215 (79.5%) when the GlideScope was used and 90/135 (66.7%) when the direct laryngoscope was used. In the subset of trauma patients that had facial trauma and a soiled airway, the firstpass success with the GlideScope was 107/135 (79.3%) and with the direct laryngoscope was 37/54 (68.5%). In patients with medical conditions and a soiled airway, the firstpass success was 78/91 (85.7%) when the GlideScope was used and 96/149 (64.4%) when the direct laryngoscope was used. In the subset of medical patients with gastrointestinal hemorrhage and a soiled airway, the firstpass success with the GlideScope was 13/14 (92.9%) and with the direct laryngoscope 12/24 (50.0%).
Multivariate Regression Analyses
In the multivariate regression analyses, after potential confounders were adjusted for, the soiled airway was associated with a decreased firstpass success in the GlideScope cohort (adjusted odds ratio [aOR] = 0.4; 95% CI = 0.3-0.7) and in the direct laryngoscope cohort (aOR = 0.6; 95% CI = 0.5-0.8; Table 2 ). No interactions were identified in either model and the models fit the data well according to the HosmerLemeshow goodness-of-fit test. When both cohorts were combined, there was no significant interaction between presence of a soiled airway and device type (p = 0.272). Thus, the effect of a soiled airway does not depend on the type of device used. There were four potentially influential observations in the direct laryngoscope group and three potentially influential observations in the GlideScope group. After these patients were excluded, the results were unchanged. The assumption of linearity in the logit appeared to be violated at high age (i.e., >80 years). When we dichotomized age at this cutoff value, it did not change our results. There were 40 patients (2% of the overall cohort) who were intubated on more than one admission during the study time frame. Since this potentially violates the assumption of independence between subjects, we accounted for this clustering (i.e., cluster option in STATA) and it did not change our results.
Ultimate Success and Rescue Devices
In the GlideScope cohort, the GlideScope was ultimately successful in 287 patients (93.8%) in the SOILED group and 627 patients (97.4%) in the Table 3 . In the SOILED group, the GlideScope rescued the direct laryngoscope in 15.1% of the patients and the direct laryngoscope rescued the GlideScope in 4.9% of the patients.
Lens Contamination
The incidence of severe lens contamination when the GlideScope was used was 0.5% in the CLEAN cohort and 1.3% in the SOILED cohort (Table 4) .
DISCUSSION
Airway management in the ED typically requires laryngoscopy and tracheal intubation with a cuffed tube. Patients requiring intubation in the ED frequently have blood or vomitus in their airway and this can potentially impede visualization of the airway, thereby reducing the likelihood of first pass success. Achieving firstpass success is important during emergency intubation as studies have demonstrated a significant increase in adverse events even after a single failed intubation attempt. [17] [18] [19] Historically the direct laryngoscope has been the primary device to perform intubation in the ED, but recent data from the National Emergency Airway Registry indicate that video laryngoscopes are being used with increased frequency. 2 Both direct laryngoscopes and video laryngoscopes have been shown to have very high success rates when used for intubation of patients in the ED. 9, [20] [21] [22] [23] [24] [25] [26] [27] The GlideScope has been shown to be a very effective device for emergency intubation, even in patients with predicted difficult airways. 23, 28 However, the performance of video laryngoscopes can potentially be negatively impacted by blood or vomitus in the airway as the video camera on the distal portion of the blade can be contaminated from even small amounts of material. In this study we sought to determine the impact of an airway contaminated with blood or vomitus on the firstpass success during emergency intubation. We found that the presence of a soiled airway was associated with a reduction in firstpass success. Interestingly, the reduction in firstpass success was similar in both the GlideScope and the direct laryngoscope cohorts (9.6% vs. 10.3%). This suggests that the reduction in firstpass success was likely due to contamination of the airway resulting in impaired recognition of the relevant airway anatomy and was independent of whether the airway was visualized directly or indirectly the video laryngoscope. The presence of blood or vomitus in the airway appeared to have little impact on the optical performance of the GlideScope, as demonstrated by the very low incidence of severe lens contamination (1.3%) reported by the operators. We also found that in patients with a soiled airway the GlideScope was associated with a higher overall success (93.8%) than the direct laryngoscope (79.9%), indicating that the GlideScope performed remarkably well in the presence of blood or vomitus. After a failed attempt in a soiled airway, the GlideScope successfully rescued the direct laryngoscope much more frequently (15.1%) than the direct laryngoscope rescued the GlideScope (4.9%), providing further evidence that the GlideScope functions very well and is quite successful even in the presence of a soiled airway.
Despite the abundance of literature on emergency intubation of the critically ill, there is a paucity of clinical data on the efficacy of various laryngoscopes in the presence of a soiled airway. The only ED-based study on this topic was published by Carlson and colleagues. 29 They performed a subgroup analysis of 325 patients in the National Emergency Airway Registry who were intubated for gastrointestinal bleeding and were presumed to have a potentially bloody airway. They found a similar firstpass success in those intubated with a video laryngoscope and a direct laryngoscope. A prehospital study by Naito and colleagues 13 evaluated the factors associated with intubation success with the C-MAC in a helicopter emergency medical service. Retrospective analysis of video footage demonstrated that body fluids (blood, vomitus, or secretions) obstructing the view of the airway was negatively associated (OR = 0.29; p = 0.01) with C-MAC intubation success. In another prehospital study, Hossfeld and 30 evaluated the use of the C-MAC as a firstline device in 228 patients intubated by helicopter emergency medical service physicians. Similar to our findings, they noted a high incidence of patients with a blood or vomitus contaminated airway (29.4%), but despite this a very low incidence of lens contamination (0.9%). Their overall C-MAC success of 99.6% attests to the excellent performance of this video laryngoscope even in the face of moderate to severe airway contamination. The C-Mac, however, is different from the GlideScope in that it has a conventional Macintosh blade shape and thus can also be used to perform direct laryngoscopy. 31, 32 In three patients the operators had to switch from a video view to a direct view to successfully accomplish the intubation. This highlights an important advantage of conventional Macintoshshape video laryngoscope designs. In the event of severe lens contamination impairing the video view of the airway the operator can easily transition to direct laryngoscopy on the same attempt to complete the intubation. This obviously is not possible with the hyperangulated GlideScope blade we evaluated in our study. Fortunately, however, the incidence of severe lens contamination of the GlideScope was so low that operators were able to achieve very high intubation success rates.
LIMITATIONS
There were several important limitations in this study. As this was an observational study, the patients in which the GlideScope and direct laryngoscope were used were not randomly assigned, and thus there may be other characteristics in the groups that may have impacted the firstpass success. For example, the degree of airway soiling with blood or vomitus may be different in the GlideScope and the direct laryngoscope cohorts. Operators may have preferentially selected the direct laryngoscope when there was heavy soiling of the airway. However, the number of patients in the SOILED group who were intubated with a GlideScope or a direct laryngoscope were similar (306 vs. 284), suggesting that GlideScope use was not avoided in patients with blood or vomitus in the airway. We also performed a subset analysis of patients likely to have extensive bleeding. This included patients with facial trauma and patients with gastrointestinal hemorrhage. Even in this subset of patients at risk for heavy soiling the GlideScope still outperformed the direct laryngoscope. To account for the nonrandomized nature of this study we performed a multivariate logistic regression analysis to control for potential confounders such as indication for intubation, reason for device selection, drugs used for intubation, and operator level of training. However, there may be unknown confounders that could have impacted the results. Another limitation is that all data collected in the study were documented by the operator performing the intubation. The self-reporting of airway data is subject to reporting error by the operators, which has been well documented using video review of emergency intubations. 33 We have no reason, however, to believe that this would be different between the two cohorts. Another limitation is that determination of a contaminated airway was made by a subjective assessment by the operator and the amount of blood or vomitus was not quantified and could be quite variable. Additionally, the presence of active bleeding or regurgitation was not documented, which can obviously impact the performance of a laryngoscope more than just the simple presence of pooled blood or vomitus in the airway. The only video laryngoscope evaluated in this study was the GlideScope, and thus these results may not be applicable to other video laryngoscopes. Previous studies have demonstrated that video laryngoscopes have very variable design features and function quite differently under difficult airway scenarios. 34, 35 We chose to limit this evaluation to only the GlideScope and direct laryngoscope as these were the only two devices that were continuously available during the 9-year study period and were used for the majority of intubations. Finally, all the intubations in this study were by performed by emergency medicine residents, who although have overall limited airway experience, have extensive training with video laryngoscopes, so these results may not be generalizable to other operators or other clinical settings.
CONCLUSIONS
In summary, we found that a soiled airway contaminated with blood or vomitus was a risk factor for afailed first intubation attempt. The reduction in firstpass success was similar with both the GlideScope and the direct laryngoscope, suggesting that the cause is impaired recognition of the airway anatomy and is independent of how the anatomy is viewed. The GlideScope appears to be a viable option for emergency intubation even in patients with a soiled airway.
